Total eddy currents induced in screens of a symmetrical three-phase single-pole gasinsulated transmission line (GIL) by Piatek, Z.
Total eddy currents induced in screens of a symmetrical…  295 
TOTAL EDDY CURRENTS INDUCED IN SCREENS OF A SYMMETRICAL 
THREE-PHASE SINGLE-POLE GAS-INSULATED TRANSMISSION LINE (GIL)  
 
Z. Pitek 
 
Chair of Electrotechnics, Faculty of Electrical Engineering, Czestochowa University of Technology 
Aleja Armii Krajowej 17, 42-200 Czstochowa, Poland, e-mail: zpiatek@el.pcz.czest.pl 
 
Summary:  In the paper we discuss the question of eddy currents induced in screens of a symmetrical three-phase single-
pole gas-insulated transmission line (GIL). First, we determine the eddy currents induced in the tubular screen by the 
magnetic field of self-current of the phase conductor. Then the magnetic field in the external parallel phase conductor is 
presented by means of a vector magnetic potential as Fourrier series. In the non-conducting external and internal area of the 
screen we use Laplace equation for the magnetic field strength taking into account the reverse reaction of eddy currents 
induced in the screen. In the conducting screen we apply Helmholtz equation for eddy currents density. Using classical 
boundary conditions we determine the density of the currents. The solutions obtained are used to determine the total eddy 
currents induced in all the screens of the GIL under consideration. 
 
1. INTRODUCTION 
Single-pole transmission lines with isolated 
phases are built for high and the highest voltages. 
Each phase is placed in a separate sheath (IPGIL - 
Isolated Phase Gas Insulated Line). A phase conductor 
is usually a tubular or molded conductor made of 
aluminum, aluminum alloy or copper alloy. One of the 
ways of laying such GILs is to place them at the apexes 
of an equilateral triangle- it is the so-called symmetrical 
system (fig.1) [1]-[12]. 
 
 
R1 
R2 
R3 
R4 
d
 
L1 L2 
L3 
e1 e2 
0 0 
0 
d
 d
 
e3 
 
 
Fig.1. Symmetrical transmission line with insulated phases 
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Fig.2. Eddy currents induced in the screen by the 
magnetic field of the phase conductor self-current 
 
In order to determine the self- and mutual 
impedances of GIL, the power losses, the heating up 
of the screens and the forces occurring in case of a 
short-circuit it is necessary to calculate the eddy 
currents induced in the screen by the magnetic field 
of the current of the screened conductor (fig.2), as 
well as of the currents of the neighboring phases 
(fig.3). 
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Fig. 3. Eddy currents induced in the screen by the 
magnetic field of the neighboring phase conductor current 
 
The currents induced in the screen by the 
magnetic field of the currents in phase conductors of 
neighboring phases, when the distance between the 
screens is long enough, are calculated approximately 
assuming that the screen under consideration is in 
uniform magnetic field created by the currents in the 
conductors of neighboring phases. In the case of the 
size of the two screens being close to the distance 
between them the assumption of the uniformity of 
the field is a huge simplification, one has to expect 
the influence of the proximity effect on the 
distribution of eddy currents in the screen. In the 
above case the determination of these eddy currents 
in the screens of a three-phase single-pole GIL can 
be done using the method of eddy currents 
projection described in reference [16] and quoted in 
[15]. However, this method is limited to the so-
called thin walled screens. In references [17], [18] 
another method of calculating eddy currents induced 
in the tubular screen of GIL is presented, using the 
development into Fourier series of the external 
magnetic field components in relation to the screen
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under consideration. To determine these currents one 
can also apply numerical methods [19] or analytical-
numerical ones [8]-[12]. In this paper we propose a 
method of calculating eddy currents in all the 
screens of a flat three-phase single-pole  GIL using 
the vector magnetic potential. 
2. EDDY CURRENTS IN A SYSTEM OF TWO 
TUBULAR CO-AXIAL PARALLEL 
CONDUCTORS 
Let us consider the proximity effect in a system 
of a tubular conductor with conductivity 1σ , internal 
radius 1R  and external 2R  with sinusoidal current of 
compound efficient quantity 1I , screened with a co-
axial tubular conductor with conductivity 2σ , 
internal radius 3R  and external 4R . 
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Fig.4. Tubular conductor with current 1I  screened 
with a co-axial tubular screen 
 
The induced current density )()( 1111 rJr eze 1=J  
in the screens has one component, it is a function of 
one variable r and it fulfills the modified Bessel 
equation 
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where 
2
2202
1
 j2 j2 j δσωµ === k  is the 
complex diffusion constant where the depth of the 
electromagnetic wave penetration into the screen 
202
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k
. The solution of Eq. (1) is [10], 
[12], [14] 
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where ) ( 20 rI and ) ( 20 rK  stands for the 
modified Bessel functions of zero order, of the first 
and second kind respectively. For 
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( 10 ≤≤ β ) 
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        )()( 421321 RKRKb −= β  (2b) 
and 
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The frequency of sinusoidally alternating current 
and the conductivity of the screen in relation to its 
external radius will be taken into account due to the 
coefficient 22
2
2
 Rk
R
== δα . Thus we can also 
introduce a non-dimensional variable 
1  , 
2
≤≤= ξβξ
R
r
, and then express the current 
density in the tubular conductor as a function of the 
non-dimensional variable and refer it to the current 
density 
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obtaining the distribution of the density of current 
induced in the tubular screen as a relative quantity 
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3. EDDY CURRENTS IN A SYSTEM OF TWO 
PARALLEL TUBULAR CONDUCTORS 
Let us consider the proximity effect in a system 
of a tubular conductor with conductivity 2σ , internal 
radius 3R  and external 4R  parallel to an external 
tubular conductor with conductivity 1σ , internal 
radius 1R  and external 2R  with sinusoidal current of 
efficient compound quantity 1I  (fig. 5). 
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Fig. 5. Tubular conductor in non-uniform magnetic 
field of current 1I in the external tubular conductor 
 
Foucault phenomenon in the system shown in figure 
5 consists of inducing, in the conductor, the eddy 
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currents ),(),( 2121 rJr z1=J  by sinusoidally time 
varying magnetic field )( XYw rH , generated by 
current 1I  in the second conductor. 
The vector magnetic potential generated by 
current 1I  has only one component along Oz axis 
and it is the source potential in relation to the first 
conductor, so )()( XYwzXYw rAr 1=A  and according 
to its definition in a cylindrical system of 
coordinates ),,( zρ connected with the second 
conductor, we have [12] for  r < d 
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where the constant 0A  can be freely assumed. 
The magnetic field strength vector is calculated 
from the definition of the vector magnetic potential 
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Magnetic field ),( rextH in the external area 
( 4Rr ≥ ) of the first conductor is expressed by the 
formula 
 
rrwext HHH +=  (7) 
 
where ),( rrrH  is the reverse reaction magnetic 
field, created by eddy currents   
),(),( 2121 rJr z1=J , generated in the considered 
conductor by the magnetic field ),( rwH . 
The electric field strength ),( rrrE  
accompanying the magnetic field ),( rrrH  in this 
area has one component, thus 
),(),( rEr rrzrr 1=E . Then this field fulfills the 
scalar Laplace equation  
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A general solution of equation (8) is [12],[17] and 
[18] 
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where nB  is a constant, which will be calculated 
later from boundary conditions. 
From the second Maxwell equation we obtain the 
reverse reaction magnetic field  
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The above considerations let us present the 
magnetic field ),( rextH  in external area ( 4Rr ≥ ) 
of the first conductor in the following form: 
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In the conductor ( 43 RrR ≤≤ ) the eddy current 
density ),(),( 2121 rJr z1=J  fulfills the scalar 
Helmholtz equation 
 
 ),(),( 2122212 rJrJ =∇  (11) 
 
Applying the separation of variables method in 
cylindrical coordinates, we look for the solution of 
equation (11) in the following form [12] 
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From the second Maxwell equation we obtain1 the 
magnetic field in the considered conductor 
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where 
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Inside the considered conductor, i.e. for 
30 Rr ≤≤ , the electric field has one component 
),(),( rEr ntizint 1=E  fulfilling the scalar 
Laplace equation (8), whose solution obtained using 
the separation of variables method, has the form [12] 
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where nF  is a constant, which will be calculated 
later from boundary conditions. 
Applying the second Maxwell equation to formula 
(13), we obtain the compound form of the vector of 
the magnetic field strength inside the tubular 
conductor 
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If we assume that the magnetic permittivity of the 
considered conductor 01 µµ = , we can write down 
the following boundary conditions for the magnetic 
field: 
 
• for 3Rr =  
 
 ),(),( 3123 RrRrint === HH  (15) 
 
• for 4Rr =  
 
 ),(),( 4124 RrRrext === HH  (15a) 
 
The above conditions imply the equality of 
tangent and ordinary components of the magnetic 
field on the border of two mediums. Thus we obtain 
a system of four equations with unknown 
quantities nB , nC , nD  and nF . 
After the determination of the constants 
n
C  and 
nD  we obtain a formula for the current density in 
the tubular conductor in the following form 
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in which nI  are 1+nI  modified Bessel functions of 
the first kind while nK  are 1+nK  are modified 
Bessel functions of the second kind of  n and 1+n  
order respectively.  
If we introduce a relative quantity of the distance 
between two conductors 1
4
≥=
R
dλ  and relate 
current density (16) to the quantity (3), we will get 
the distribution of densities of the current induced in 
the tubular conductor as a relative quantity 
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If the conductor with current 1I  is to the left of 
the considered tubular conductor we obtain the 
density of the induced current  
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and its relative quantity 
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4. TOTAL EDDY CURRENTS IN THE 
SCREENS OF A SYMMETRICAL THREE-
PHASE GIL  
Total current denisty in the screens of the 
considered transmission line is a sum of the relevant 
densities of currents induced by the magnetic fields 
of all the three phase currents. 
For the screen of phase  L1 then 
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Then, current density ),(1 rJ e  depends on currents 
1I , 2I  and 3I . The relative quantity of this density 
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is defined with reference to the mutual relation 
between these currents. If they form a symmetrical 
three of a three-phase system currents, i.e. when 
12  ] 3
2
 jexp[ II pi−=  and 13  ] 3
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relative quantity referring to current 2I  is defined by 
the formula 
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and the relative quantity referring to current 3I  is 
defined by the formula 
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Density 2eJ  of current induced in screen e2 is a 
sum  
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Current density ),(22 rJ e  is defined by the formula 
(2). Current density ),(21 rJ e  is defined by the 
formula (18). Current density ),(23 rJ e  is given by 
the formula (16), where current 1I  should be 
replaced with current 3I .  
Density 3eJ  of the current induced in screen e3 
is a sum of density 33eJ  induced by the magnetic 
field of current 3I , density 31eJ  of the current 
induced by the magnetic field of current 1I  and of 
density 32eJ  of the current induced by the magnetic 
field of current 2I  in the neighboring phase 
conductors, thus 
  
  ),(),(),(),( 3231333 rJrJrJrJ eeee ++=    (24) 
 
Current density ),(33 rJ e  is defined by the formula 
(2). Current density ),(31 rJ e  is defined by the 
formula (18) after replacing the distance d with 2d. 
Current density ),(32 rJ e  is defined by the same 
formula, where current 1I  is replaced with current 
2I .  
The distribution of modules of the above 
densities of total eddy currents induced in the 
screens of a symmetrical three-phase transmission 
line with insulated phases is shown in figure 6. 
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Fig. 6. Distribution of modules of total current 
densities induced in  the screens of a symmetrical 
three-phase single-pole GIL: a) in screen e1 ,  b) in 
screen e2 , c) in screen e3 ;  n – non-uniform 
magnetic field, r – uniform magnetic field 
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5. CONCLUSIONS 
Taking into account the so-called reverse reaction 
of eddy currents induced in screens of transmission 
lines allows, together with the application of  
Laplace and Helmholtz equations, the calculation of 
these currents densities in the form of analytical 
formulas expressed by Bessel function. One can use 
these formulas in the range of frequencies enabling 
the omission of the shift currents and they refer to 
screens with any electrical and geometrical 
parameters, including the thickness of their walls.  
The numerical calculations we carried out (fig. 
6) lead to the conclusion that the distributions of the 
densities of currents in the screens of a symmetrical 
GIL differ from one another and are not symmetrical 
in spite of the symmetrical three of currents and of 
the symmetrical geometrical configuration. Some 
symmetry of induced eddy currents occurs only for 
1=n . It can be essential in the determination of 
power losses and temperature distribution in the 
screens and in the determination of electrodynamics 
forces between the screens.  
Using the formula for the current density in the 
screen (tubular conductor) one can also determine 
the power losses in the screen. If moreover we 
determine the constant nB  appearing in equations 
(10a) and (10b), we can determine the magnetic field 
outside the screen as well as the reverse reaction 
magnetic field, hence also the coefficient of this 
reverse reaction. The calculation of the constant nF  
appearing in equation (14), lets us also determine the 
magnetic field outside the screen and then the 
coefficient of the reverse reaction. 
 
REFERENCES 
[1] Alter J., Ammann M., Boeck W., Degen W., 
Diessner A., Koch H., Renaud F., Poehler S.: 
N2/SF6 Gas-insulated line of a new GIL 
generation in service. CIGRE, 21-204/2002, 
pp. 201-204. 
[2] CIGRE Brochure No 218: Gas Insulated 
Transmission Lines (GIL). WG 23/21/33-15, 
CIGRE, Paris 2003. 
[3] Guillen M., Bertrand M.: Optimized gas 
insulated transmission line (in French).  Revue 
de l’Electricité et de l’Electronique (REE), 
5/2000, pp. 58-64. 
[4] Guillen M., Girodet A., Thuries E.: Three-
Phase Gas-Insulated Transmission Line. Conf. 
Proc. POWER DELIVERY ’97, June 17-19, 
Madrid 1997, pp. 396-409. 
[5] Koch H., Schuette A.: Gas insulated 
transmission lines for high power transmission 
over long distances. Electric Power Systems 
Research, 44/1998, pp. 69-74. 
[6] Koch H.: Gas mixtures as insulating gas. 
CIGRE, 21/23/33/1998, Pref. Sub. 3.1, 
Question 1.2. 
[7] Nawrowski R.: High-current air or SF6 
insulated busducts (in Polish). Wyd. Pol. 
Poznaskiej, Pozna 1998. 
[8] Pitek Z.: Magnetic field in high-current 
isolated-phase enclosed bus ducts 
surroundings (in Polish). Zesz. Nauk. Pol. l. 
Elektryka, z. 166, Gliwice 1999. 
[9] Pitek Z., Girodet A., Guillen M.: Magnetic 
Field in Proximity to a Three-Phase Gas 
Insulated Transmission Line with Separate 
Phases. French-Polish Seminar 98, Lyon 1998, 
pp. 145-155. 
[10] Pitek Z.: Impedances of Single-Pole Gas-
Insulated Transmission Line. Archives of 
Electrical Engineering, Vol. XLVIII, No. 1-
2/1999, pp. 181-197. 
[11] Pitek Z: Self and mutual impedances of a 
finite length gas-insulated transmission line 
(GIL). Electric Power Systems Research, 
77/2007, pp. 191-201. 
[12] Pitek Z.: Modelling of lines, cables and high-
current busducts (in Polish). Wyd. Pol. Czst., 
Czestochowa 2007. 
[13] Kaden G.: Electromagnetic screens in the HF 
technique of the telecommunication (in 
Russian). Gosenergoizdat, Moscow 1957.  
[14] Moon P., Spencer D. E.: Foundations of 
electrodynamics. D. Van Nostrand Company, 
Inc., New York 1960. 
[15] Turowski J.: Technical electrodynamics (in 
Polish). WNT, Warszawa 1993. 
[16] Zarbski W.: Calculating of eddy currents 
induced in screens of the bus-bars (in Polish). 
Przegld Elektrotechniczny, R. XXXVIII, z. 
8/1962, pp. 334-339. 
[17] Baron B., Pitek Z.: Method of calculating 
eddy currents induced by current of parallel 
conductor in tubular screen (in Polish). 
Rozprawy Elektrotechniczne, z. 27, s. 1/1981, 
pp. 111-121. 
[18] Pitek Z.: Method of Calculating Eddy 
Currents Induced in Pipe-Sheathings of the 
Three-Phase Flat Line. Electrimacs’96, Saint-
Nazaire 1996, pp. 1011-1015. 
[19] Benato R., Dughiero F., Forzan M., Paolucci 
A.: Proximity effect and magnetic field 
calculation in GIL and in isolated phase bus 
ducts. IEE Trans. on Magn., Vol. 38, No. 
2/2002, pp. 781-784. 
[20] Jouguet M.: Treatise on theoretical electricity 
(in French). Gauthier-Villars, Paris 1968. 
[21] Gradsztejn I. S., Ryzyk I. M.: Tables of 
Integrals, Series and Products (in Polish). 
PWN, Warszawa 1972. 
[22] Mc Lachlan N. W.: Bessel functions for 
engineers (in Polish). PWN, Warszawa 1964. 
